(Communicated by Setsuro EBASHI, M. J. A., June 11, 1981) Chick myoblasts do not grow in a medium composed of only Eagle's minimum essential medium and horse serum (Ozawa and Kohama, 1973 ; Hagiwara et al., 1981) . For growth, the cells require the presence of additional substances in the medium, such as chick embryo extract. During the course of experiments to identify muscle trophic factor in the embryo extract, we found that chick serum also possessed trophic activity, and purified the trophic factor from chick serum (Ozawa and Kohama, 1973) . Recently, it was identified as transferrin (Tf), an iron-binding plasma protein . The trophic activity of Tf was proportional to the amount of bound Fe3+. On the other hand, it has been shown that Tf is one of the indispensable components of serum-free media for cultures of various mammalian cell lines (Barnes and Sato, 1980) . In these cultures, Tf can be substituted for by FeSO4 (Wu and Sato,1978; Mather and Sato, 1979; Young et al., 1979) .
On the basis of these findings, we investigated the effect of inorganic ferric compounds on the growth of primary chick skeletal and cardiac muscle cells, fibroblasts, and retinal pigment cells. We used ferric compounds instead of FeSO4 to compare their trophic activity with that of Tf, because the iron bound to Tf is Fe3+. In this report, we show that chick embryo extract can be substituted for by FeCl3 in high-density cultures of chick embryonic cells. In the presence of 10 to 100 pM FeC13, myoblasts grew well and formed myotubes. Cardiac muscle cells, fibroblasts and retinal pigment cells also proliferated when supplied with FeC13.
Experimental procedures. Cells were obtained from 11-or 12-day chick embryos.
Skeletal myoblasts were prepared after the methods of . Isolated cardiac muscle, skin, and retina were treated with trypsin (1 %) with intermittent agitation, and single cells from each tissue were obtained by filtration with lens paper. Cells were plated on 35-mm gelatin-coated Falcon plastic dishes. Each dish contained 2.4 ml of culture medium composed of [Vol. 57(B), 85% Eagle's MEM and 15% horse serum (EH medium), and 0.1 ml of saline containing various concentrations of chick Tf, FeC13 ,, or f erric acetyl acetonate. FeC13 was used with sodium citrate of which the concentration was two times higher than that of FeC13.
Chick Tf was prepared as described by . Results and discussion. When incubated in EH medium containing 20 iM FeC13,, skeletal myoblasts proliferated and , formed myotubes (Fig. la) . After incubation for 6 days, cross-striations and spontaneous twitching were observed in many myotubes. The trophic effect of FeC13 was seen at concentrations between 10 to 100 ,uM. No growth was observed in the absence of FeCl3 (Fig. 1b) . Cardiac muscle cells, fibroblasts, and retinal pigment cells grew well in the presence of 50 to 100 pM FeC13 as well as a small amount of chick embryo extract or Tf, but did not grow in their absence (Figs . 2-4) .
The trophic erect of Fe3+ on skeletal myogenic cells was esti- Fe3+ was supplied with Tf (0) or sodium citrate (.). In the latter case, the final concentrations of free Fe3, i.e., unsequestered by horse Tf, were calculated as described in the text. mated quantitatively by measuring creative kinase (CK) activity accumulated in the cells, as described by Ozawa (1978) . The effect of Fe3+ appeared at 10 pM, although this concentration was about 200 times higher than that used as a complex with Tf (Fig. 5) . The maximum level of CK activity from the cultures with FeC13 was 80 of that from the cultures with Tf.
Ferric acetyl acetonate and FeCl3 alone also showed a trophic effect on skeletal myogenic cells, and gave dose-response curves similar to that represented in Fig. 5 . In all cases, growth inhibition and degeneration of myogenic cells were observed at high concentrations of Fe3+. High concentrations of Fe3+ may be toxic to the cells. It has been known that sera contain iron-free Tf. as well as ironsaturated Tf. Therefore, a part of the Fe3+ added to the EH medium was probably trapped by the iron-free horse Tf. This Fe3+ should not be used by chick myogenic cells, since horse Tf had no effect on chick myogenic cell growth (Hagiwara et al., 1981; . We measured the unsaturated iron-binding capacity of the horse serum (Gibco Lab., Control no. 27K8703) used in this experiment. The serum was incubated with an excess amount of Fe3 at 25°C for 12 h, followed by gel filtration on Sephadex G-25. The amount of newly-bound Fe3+ was measured as described by Matsubara (1961) . One ml of the horse serum bound 40 n moles of Fe3+. Therefore, the minimum concentration of Fe3+ needed for half-maximum cell growth might be about 4 pM.
Thus, chick embryo extract was finally replaced by inorganic ferric compounds in high-density culture of skeletal and cardiac muscle cells, fibroblasts, and retinal pigment cells. This clearly demonstrates that Fe3+ is absolutely required for their growth. Presumably, Tf would serve as a vehicle which facilitates the availability of Fe3+ to the cells. It is concluded that one of the most important roles played by chick embryo extract is to give Fe3+ to the cells, on the basis of the present findings and those of Ii et al. (1981) that the trophic effects of chick embryo extract are lost upon removal of Tf by immunoprecipitation with anti-Tf IgG, and restored by the readdition of Tf or Fe3+.
